An assessment of the competitive indices in intercropping between cassava (Manihot esculenta) and bottle gourd (Lagenaria siceraria) was conducted with the aim of increasing the productivity of these crops. For this purpose, three farmers preferred landraces of cassava (yacé, blêbou and six mois) and three morphotypes of gourd (dark green and round fruit, light green and round fruit, light green and long fruit) were used to test the three intercropping ratios (gourd:cassava with 6:42, 6:24 and 6:18). Intercropping systems were assessed by land equivalent ratio (LER), area time equivalent ratio (ATER), relative crowding coefficient (K ), actual yield loss (AYL), aggressivity (A) and competition ratio (CR). LER, ATER and K values were greater than 1 for gourd-cassava (6:24). These findings indicate an advantage of intercropping for exploiting the resources of the environment. Cassava clones were more competitive than gourd component.
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Introduction
The development of cropping system adapted to climate change and meeting the nutritional and economic requirements of the local populations is a major challenge for scientists, political decision-makers and the organisms of development aid. In this context, promotion of plants and local cropping system firmly rooted in food and social habit of populations is recommended (Altieri 1999) . Intercropping systems for sustainable tropical agriculture should be involved in such systems. This system is expected to withstand a wide range of ecological and climatic factors.
In the context of the reduction of cultivable lands, it is fundamental to achieve sustainable intercropping systems, thereby optimizing the efficient utilization of available growth resources (Hauggaard-Nielsen et al. 2001) . The success of such investigations is strongly linked to several factors, among which crop husbandry and varieties or cultivars are the prerequisites. Cassava (Manihot esculenta Crantz) and bottle gourd (Lagenaria siceraria [Molina] Standley) are excellent plant models for intercropping in tropical region (Enete 2009 ). In fact, cassava is the third most important tropical crop after rice and maize, providing livelihoods and food security for hundreds of millions of people throughout the world (Hyman et al. 2012; Howeler et al. 2013) . The bottle gourd has a wide morphological diversity and geographic distribution in the tropical world (Achigan et al. 2006) . Seeds of this indigenous cucurbit have a very good market value ($ 2.5/kg) due to their cultural and culinary importance in the countries where they are cultivated (Zoro Bi et al. 2003; Zoro Bi et al. 2006) . The seeds of L. siceraria exhibit the high macronutrient level and contain 34% proteins and 50% fat (Achu et al. 2005) . These seeds can thus be considered as sources of proteins and oils to the smallholder farmers. A part from these economic, nutritional and cultural roles, bottle gourd serves as living mulch against weeds (Mandumbu & Karavina 2012) and therefore reduces the time devoted by farmer to weeding. In addition, cropping this species represents a reliable solution against soil erosion. An optimized mixed-cropping system involving cassava and bottle gourd should be an efficient approach to solve the problem of food and economic needs of an important part of populations from the tropical world.
Intercropping of cassava with legumes has been popular in tropical environments (Mbah et al. 2008; Ijoyah et al. 2012; Hidoto & Loha 2013) . In these investigations, researchers have paid attention mainly to the biological yields without taking into account the interaction between the species intercropped (Jamshidi, 2011; Mbah & Ogidi 2012; Biareh et al. 2013; Nyi et al. 2014; Adeniyan et al. 2014) . However, it is well established that different species growing together in the same place compete for nutrients, water and light (Ghosh 2004) .
Several factors can affect the growth and yield of the species in mixture, particularly planting ratio, spatial arrangement, plant density, cultivar and competition between mixture components (Caballero et al. 1995; Dhima et al. 2007; Rezaei-Chianeh et al. 2011) . Competition is one of the main factors having significant impact on growth rate and yield of plant species used in intercropping, compared with pure stands (Caballero et al. 1995) . High yields are achieved with intercropping when interspecific competition is lower than intra-specific (Zhang et al. 2011) . The assessment of competition and agronomic advantages of intercropping can be conducted using indices such as land equivalent ratio (LER), relative crowding coefficient (K), competitive ratio (CR), aggressivity (A) and actual yield loss (AYL) (McGilchrist 1965; Willey & Rao 1980; Connolly et al. 2001; Weigelt & Jolliffe 2003) . To our knowledge, such investigation has not been carried for intercropping systems involving bottle gourd and cassava.
The objective of this study, based on the six competition indices, was to determine, the promising cropping systems involving cassava and bottle gourd in terms of agronomic advantages in seed (bottle gourd) and tuber (cassava) yields. Experiments were conducted during the 2013-2014 and 2014-2015 cropping seasons using two species, in 27 crop association schemes taking into account plant cultivar (three varieties of each crop) and the planting density (three densities of cassava).
Materials and methods

Site description
The study was conducted at the experimental farm of Manfla, a village located between 7°00
′ N-7°26 ′ N and longitudes 6°0 0 ′ W-6°30 ′ W and 400 km North Abidjan (Côte d'Ivoire). Manfla has a bimodal rainfall distribution with a long rainy season from March to July and a short rainy season from September to November. The rainy seasons at the target site are separated by a short period dry (July-August) and a long dry season (December-February). Annual rainfall varies from 800 to 1400 mm with a long-term mean of 1200 mm and the annual mean temperature is 27°C. The experiments were established in a sandy loam soil with pH = 6.45, sandy (57%), loam (36%), clay (7%), organic matter content (6%), N-NO 3 (3.5 ppm), available P (24.4 ppm) and 0.45 ppm of K (0-20 cm depth). The vegetation is a woodland savanna (Kouassi & Zoro Bi 2010) .
Plant materials
The plant materials used were three popular varieties of cassava and three morphotypes of bottle gourd. The varieties of cassava were locally named blêbou, yacé and six mois and were collected on-farm in the village of Manfla. The initial development of six mois is lower than that of blêbou and yacé. Yacé and six mois had a spreading habit but branching begins at 6 months after planting. In contrast, blêbou had an upright habit but had dense foliage and rapid growth. Yacé is the traditional variety of manioc ideal for processing cassava into attiéké (semolina of cassava). Six mois and blêbou were the traditional varieties of manioc ideal for good cooking and good taste (cassava food). Three morphotypes of bottle gourd were used: dark green and round fruit (DGR); light green and round fruit (LGR); and light green and long fruit (LGL). Seeds of bottle gourd were obtained from the collection of the University of Nangui Abrogua (Abidjan, Côte d'Ivoire).
Experimental design and sampling
The experimental design was a randomized complete block design with two replications of 27 intercropping treatments (3 cultivars of cassava × 3 morphotypes of bottle gourd × 3 planting densities). The experimental plot size was 31× 100 m. The subplot (treatment) size was 4 × 5 m. Treatments were separated by a 2 m buffer zone. The effect of different cropping patterns employing simple additive design was evaluated. Thus, bottle gourd plant population density was maintained at 2500 plants/hectare (2 × 2 m), while cassava plant density varied in the intercrops (Table 1) plant/stand with plant population density of 20,000 plants/hectare). Sowings of the bottle gourd were performed manually by planting twice more seeds than the expected plant densities and then, rows were thinned to the required densities. Cassava and bottle gourd were planted at the same time. For mono-and intercropping, no fertilizer and insecticide were applied to enhance plant production or to control diseases and pests. Weed control was performed manually with a hoe. Bottle gourd was harvested at maturity (4 months) and cassava tubers were harvested 10 months after planting. Seeds of bottle gourd were extracted from fruit, weighed after adjusting the moisture to 10%, while the fresh weight of cassava tubers was taken.
Yield estimate
The yield parameter (Y c ) of cassava was calculated as the product of the average weight of tuberous root per plant and the number of plants (calculated for one hectare according to densities tested: D = 5000, 10,000 and 20,000 plants/ha). The yield parameter (Y g ) of bottle gourd was calculated using the following formula:
where Y g is the yield of gourd, WSF is the weight of seeds per fruit, NFP is the number of fruit per plot and S is the surface of the subplot.
Competitive indices
To evaluate the extent of competition between different intercropped species, different indices were suggested (Connolly et al. 2001; Weigelt & Jolliffe 2003) . In this present study, the competitive behavior of component crops in different bottle gourd-cassava planting patterns were determined in terms of LER, area time equivalent ratio (ATER), A, K, CR and AYL Land equivalent ratio The advantages of bottle gourd-cassava intercropping were evaluated using the LER (Willey & Osiru 1972) . LER indicates the efficiency of intercropping, using the environmental resources compared to monocropping (Mead & Willey 1980 ). When LER > 1 the intercropping favors the growth and yield of the species. In contrast, when LER < 1 there is no intercropping advantage and the interspecific competition is stronger than the interspecific interaction within intercropping system (Zhang et al. 2011) . LER was calculated as
where Y c is the yield of cassava as sole crops, Y g is the yield of bottle gourd as sole crops, Y ci is the yield of cassava as intercrops and Y gi is the yield of bottle gourd as intercrops.
Area time equivalent ratio ATER provides more realistic comparison of the yield advantage of intercropping over monocropping in terms of time taken by component crops in the intercropping systems (Hiebsch & McCollum 1987; Aasim et al. 2008; Yahuza 2011) . ATER was calculated using the following formula:
where T c is the duration of growth cycle of cassava; T g is the duration of growth cycle bottle gourd and T i is the duration in days of the species with the longest growing period.
Aggressivity Aggressivity (A) is a competitive index, which is a measure of how much the relative yield of one crop component is greater than that of another (McGilchrist 1965) . Aggressivity is expressed as
where P ci is the sown proportion of cassava in mixture with bottle gourd and P gi is the sown proportion of bottle gourd in mixture. If A cassava or A gourd = 0, both crops are equally competitive. When A cassava is positive then the cassava species is dominant and when it is negative then bottle gourd is the dominating species.
Relative crowding coefficient
De Wit (1960) introduced the relative crowding coefficient (RCC or K ) in plant competition theory. The K allowed evaluating and comparing the competitive ability of one species to the other in a mixture (Zhang et al. 2011 ). The K was calculated as
If K cassava is greater than K gourd , cassava is more competitive than bottle. Also, when the product of the two coefficients (K cassava and K gourd ) is greater than 1 there is a yield advantage, when K is equal to 1 there is no yield advantage, and when it is less than 1 there is a disadvantage.
Competitive ratio
The CR, introduced by Willey and Rao (1980) , was used as an indicator to evaluate the competitive ability of different species in intercropping (Weigelt & Jolliffe 2003; Uddin et al. 2014) . It was calculated by following formula (Willey & Rao 1980; Uddin et al. 2014) :
If CR cassava > 1, cassava is more competitive than bottle gourd, and if CR cassava < 1, then cassava is less competitive than bottle gourd (Zhang et al. 2011 ).
Actual yield loss
The AYL is the proportionate yield loss or gain of intercrops in comparison to the respective sole crop. In addition, partial AYL cassava and AYL gourd represent the proportionate yield loss or gain of each species in intercropping compared to their yield in sole crops. The positive or negative values of AYL indicate the advantage or disadvantage of the intercropping (Dhima et al. 2007 ). The AYL is calculated using the following formula (Banik 1996) :
Statistical analysis
Experiments were carried out for two years. However, year has no significant effect on competitive indices and yield of crop. Thus, the data of both years were combined for statistical analysis. Mean values and standard deviations were calculated for each of the six competitive indices with respect to variety and densities. Combined multivariate analysis of variance (MANOVA) appropriate to three factors (bottle gourd, cassava and density) and several independent variables was performed to compare gourd, cassava and density effect, as well as the interaction. This allowed the identification of significant factors based on a vector of dependent variables. The general linear models procedure of the SAS statistical package version 9.1 (SAS 2004) was used to identify traits contributing to differences when MANOVA revealed significant difference for a factor. Least significant difference multiple range-tests were used to identify differences among means on gourd, cassava and interactions.
Results
Overall competitive indices and yield variation with respect to crop and sowing density
MANOVA showed that bottle gourd and cassava crop, and sowing density had a significant (P < .05) effect on both bottle gourd dried seed yield and competitive indices. Bottle gourd had no significant (P > .05) effect on the yield of cassava varieties. Interaction of gourd × cassava × density had significant (P < .05) effect on the dried seed yield of bottle gourd and the competitive indices, but had no significant effect on the fresh tuber yield of cassava (Table 2) . Thus, to perform the analysis of variance for the yield of cassava, the double interaction (cassava × density) was considered (Table 3) , while the triple interaction (gourd × cassava × density) was considered for the yield of the gourd (Table 4 ) and competitive indices (Tables 5-7) .
Effect of intercropping patterns on tuber yield of cassava
The tuber yield of cassava was not significantly affected by the bottle gourd component (Table 2 ). However, for each variety of cassava, the high density (6:42) produced low yield. The high yield of each variety of cassava was obtained with medium density of cassava (6:24). With respect to variety, the highest yield was obtained with yacé planted at medium density (6:24). Thus, at high density, cassava produced lower yield than that of low and medium densities (Table 3) .
Effect of intercropping patterns on dried seed yield of bottle gourd
Significant differences were found for the dried seed yield of the bottle gourd in various cropping ratios (Table 4) . This variable increased with reduction of ratio of cassava plant in mixture. For each of the three morphotypes of the bottle gourd, the better yield was obtained when it was cultivated under low ratio (6:18) of cassava variety six mois (Table 4) . Among planting patterns, the highest dried seed yield Mean values followed by the same superscript were not significantly different (P ≥ .05). ) of bottle gourd was obtained from LGR-six mois at 6:18 ratio (Table 4) .
Land equivalent ratio and area time equivalency ratio
The statistical analysis of data (Table 5) indicated that intercropping combinations had a significant (P < .05) effect only on the LER. LER was greater than 1.00 in intercropped bottle gourd-cassava at 6:24 ratios and also when the bottle gourd morphotypes were associated with the cultivar six mois at 6:18 ratio. The highest value of LER (1.23) was recorded in LGR-six mois (6:24), while the lower LER (0.79) was found in DGR-blêbou (6:42). In all the treatments, LER values Mean values followed by the same superscript were not significantly different (P ≥ .05). DGR, dark green and round fruit; LGR, light green and round fruit; LGL, light green and long fruit. Mean values followed by the same superscript were not significantly different (P ≥ 0.05). DGR: dark green and round fruit, LGR: light green and round fruit, LGL: light green and long fruit.
were greater than the ATER. On the other hand, ATER values were lower than 1.00 in all the cases, except when the morphotypes of bottle gourd were intercropped with the cassava cultivar six mois at 6:24 planting ratios.
Aggressivity and competitive ratio
The competitive ability of the three cultivars of cassava and the three morphotypes of bottle gourd according to the three densities was also estimated through aggressivity and rate of competitiveness. The results showed that the variation (P < .05) of aggressivity (A) and CR depended on the configuration of the intercropping systems (Table 6 ).
The aggressivity values indicated that cassava cultivars blê-bou and yacé (A casava > 0) dominated the bottle gourd morphotypes (A gourd < 0) in all cropping systems tested. This dominance was more pronounced in the yacé association with the bottle gourd morphotype DGR at the ratio 6:18. On the contrary, the bottle gourd was more aggressive in the association where LGR was planted at low ratio (6:18) with the cassava cultivar six mois.
In all treatments, the CR of yacé and blêbou were greater than unity (Table 6 ). This highest value of CR indicated its superior ability of competition than that of bottle gourd. However, the CR of six mois was less than unity when it was intercropped with the bottle gourd component at low density (6:18). In addition, the association LGR-six mois at ratio 6:24 indicated that the CR of six mois was also less than unity. Finally, six mois appeared as a poor competitor in association with the three bottle gourd morphotypes tested.
The aggressivity index (A) and the CR clearly showed that the cassava cultivars yacé and blêbou were dominant in its intercrop with bottle gourd. In contrast, the cassava cultivar six mois was dominated in the intercrop with bottle gourd at ratio 6:18.
Relative crowding coefficient and actual yield loss
The trend observed for the relative crowding coefficient (K) was similar to that obtained with the A and CR. In fact, the values of K cassava were greater than K gourd in all the treatments except in the association of bottle gourd with six mois at ratio 6:18. This result indicated the dominance of cassava component except when the cultivar six mois was associated with bottle gourd at 6:18 ratio ( Table 7) . The relative crowding coefficient (K ) confirmed that blêbou and yacé were the most powerful competitor compared to bottle gourd morphotypes tested. In terms of advantage of intercropping systems, K indicated a similar trend with LER. There was intercropping advantage in bottle gourd-blêbou (6:24), bottle gourd-yacé (6:24), bottle gourd-six mois (6:24) and bottle gourd-six mois (6:18).
In all the treatments, the AYL of the bottle gourd had negative values (AYL gourd < 0) in the associations with blêbou and yacé (Table 7) . This result indicated a yield disadvantage for bottle gourd morphotypes. Cassava was dominant because the partial AYL of cassava was greater than this of bottle gourd. However, AYL gourd had positive values in the association bottle gourd-six mois at ratios 6:24 and 6:18. This result indicated a yield advantage for bottle gourd. The best value of AYL gourd for each bottle gourd morphotype was found in its association with six mois at 6:18, indicating the best combination and planting configuration for this crop.
Positives values of AYL were observed in the association bottle gourd-six mois at ratios 6:24 and 6:18 and in the particular case of LGR-yacé at 6:24 (Table 7) . This result suggested an advantage of intercropping system compared to pure culture. In these cases, there was increase in yield of intercropping system that ranged from 8% to 63% (AYL = +0.08 to +0.63) as compared to sole crop yield. In contrast, in all other mixtures, the AYL ranged from −0.113 to −0.792, indicating a yield loss of 11.3-79.2%, compared with sole crop yield ( Table 7) . The highest values (0.63 and 0.60) of AYL were found in the association LGR-six mois at ratios 6:24 and 6:18, respectively.
Discussion
The objective of this work was to improve the performance of cassava and bottle gourd cultivated in the mixed-cropping system. An evaluation of this was done, first, using six competitive indices (LER, ATER, CR, A, K and AYL) and secondly, through the analysis of returns.
LER reflects the extra advantage of intercropping system over sole cropping system. The highest value of LER (1.23) was recorded in LGR-six mois (6:24), indicating that 23% more area was required in a pure cropping system to equal the yield of intercropping (Midya et al. 2005; Dhima et al. 2007) . With this cropping pattern, LER was significantly greater than 1.00 indicating an advantage of intercropping over pure stands, in terms of the use of environmental resources for plant growth (Mead & Willey 1980) . On the other hand, the high value of LER observed, revealed that interspecific interaction or complementarity was greater than the competition so that intercropping resulted in greater land-use efficiency. Indeed, high performance in terms of LER is obtained in plant communities with low competition Zhang et al. 2011) .
Values of LER greater than 1.00 have been reported for sorghum-bottle gourd intercropping (Chimonyo et al. 2016) , cassava-legumes intercropping (Islami et al. 2011; Mbah & Ogidi 2012; Hidoto & Loha 2013) , and for cassava-maize-egusi melon intercropping (Ijoyah et al. 2012) . In this study, LER values were greater than those of the ATER, indicating the overestimation of resource utilization by LER. Indeed, Hiebsch and McCollum (1987) stated that it is likely that LER overestimates the advantage of intercropping when component crops differ in growth duration. When land coverage time by intercrop components is different, ATER provides better estimates than LER (Awal et al. 2007) . In this study, the values of LER showed an advantage ranged from 1% to 23%, while the values of ATER indicated an advantage ranged from 1% to 5%. Similar results demonstrating better environmental resources utilization in intercropping have also been reported by Aasim et al. (2008) and Uddin et al. (2014) for cotton intercropped with cowpea and wheat intercropped with peanut, respectively. However, neither ATER nor LER can account for crops' competitive abilities in intercropping.
The competitive abilities of component crops in intercropping can be evaluated by A, K and CR (Weigelt & Jolliffe 2003; Wahla et al. 2009 ). Li et al. (2001) reported that the yield of an intercropping system is positively associated with the interspecific competition of the component crops. According to the authors, the interspecific competition including above-ground and below-ground competition is defined as the interaction between two species that reduces the fitness of one or both of them. In this study, the component crops did not exhibit equal competitive intensity. According to the values obtained for A, K and CR, bottle gourd, the LGR morphotype was the dominant species, only when it was associated with the cassava cultivar six mois at density 6:18. However, in the other configurations, cassava components were dominant. This clearly showed that blêbou and yacé were the best competitor compared to bottle gourd morphotypes, while six mois was less competitive than bottle gourd, particularly in the association gourdsix mois at ratio 6:18. The greater competitiveness of cassava in the intercropping system with bottle gourd might be attributed to shading by the cassava crop. Indeed, the tall-growing cassava intercropped with bottle gourd or the high cassava proportion in the mixtures could affect light interception by bottle gourd. Oroka (2012) found that cassava was the dominant species in cassava-groundnut intercropping systems. In terms of the advantage of intercropping systems, K indicated similar trends with LER. Thus, there were intercropping advantages in bottle gourd-cassava at 6:24 ratios and bottle gourd-six mois at 6:18.
The AYL index gave the proportionate yield loss or gain of intercrops in comparison to the respective sole crop. According to Banik et al. (2000) , AYL gives more precise information about the competition between and within the component crops than the other indices.
A similar trend to that of A, CR and K was also observed for AYL. AYL gourd had negative values in the bottle gourdblêbou and bottle gourd-yacé mixtures, which indicated a yield disadvantage for bottle gourd, probably due to the exhaustive effect of blêbou and yacé and shading in the early growth stage of bottle gourd crop. It was also revealed that blêbou and yacé were dominant crops than bottle gourd in association. In contrast, AYL gourd had positive values in association bottle gourd-six mois at ratios 6:24 and 6:18. This result indicated a yield advantage for bottle gourd crops, probably because six mois had low shading on bottle gourd component when grown in association at these densities. Moreover, the values of AYL for bottle gourd were greater than for six mois in both seedling ratios (6:24 and 6:18). The corresponding value of AYL for six mois was also low. This indicated that bottle gourd morphotypes were more competitive than six mois. The best value of AYL gourd for each bottle gourd morphotype was found in their association with cassava cultivar six mois (6:18), indicating the best combination and planting configuration for bottle gourd in such an association pattern. The highest value (0.65) of AYL gourd was found in LGR-six mois intercrop (6:18).
The quantification of yield loss or gain due to intercropping or sowing density can be obtained with partial AYL which shows yield loss or gain by negatives or positives values (Dhima et al. 2007) . Results revealed that gourd-cassava intercrop had positive values of AYL in the association of bottle gourd-six mois at planting ratios 6:24 and 6:18 and in particular, the association of LGR-yacé (6:24). These results indicated an advantage of intercropping over the pure stands. The advantages (ranging from 8% to 63%, as measured by AYL) of the intercropping systems found in this study could be attributed to the better utilization of growth resources and to the low competition between the bottle gourd and cassava (Dhima et al. 2007; Nassab et al. 2011; Zhang et al. 2011) . Similar results have been reported by other researchers (Dhima et al. 2007; Aasim et al. 2008; Nassab et al. 2011; Das et al. 2012; Muyayabantu et al. 2013; Njad et al. 2013) . In all other association patterns, the values of AYL were negatives (from −0.113 to −0.792), corresponding to yield loss of 11.3% to 79.2%, compared to that of sole crop. The differences found between intercropping patterns in this study, could be attributed to the competitive ability of the components and also to other factors such as density, morphology and the different requirements for nutrients.
Conclusions
According to the results of this study, it is advantageous to intercrop bottle gourd (L. siceraria) with cassava (M. esculenta). This advantage is particularly significant when any one of the three bottle gourd morphotypes is intercropped with the cassava cultivar six mois at density 6:24. Cassava cultivars were the dominant component in most treatments. Based on the competitive indices, among the 27 intercropping patterns evaluated, the best combination system was LGR-six mois at density 6:24.
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